A structural model is proposed to account fully for observed x-ray scattering by certain nematic mesophases above their transition to smectic-C phases. In an external magnetic field, the constituent molecules tend to align into nearly periodic parallel chains that give rise to disc-like intensity distributions along the meridian in reciprocal space. Close to the transition temperature, the chains aggregate into parallel sheets which cause a ring-shaped intensity rise in these discs. The planar array in the cybotactic nematic bears a close similarity to that in cholesteric mesophases.
A recent review of x-ray diffraction by liquid crystals (1) noted that many normal-beam photographs obtained from nematic mesophases aligned parallel to a vertical direction in an external magnetic field contain regularly spaced lines of intensity extending at right angles to a meridional (vertical) direction in addition to arcs of intensity along the equatorial (horizontal) direction. It was suggested, therefore, that the rod-like molecules, believed to constitute such nematic mesophases, from nearly periodic chains not unlike the molecular arrays present in certain polymeric fibers (2) . As first pointed out by James (3), parallel periodic chains of molecules give rise to planar intensity distributions in reciprocal space that are spaced 1/c apart, where c is the periodicity along the chain direction. Any ordering of such chains modifies the intensity distribution within these reciprocal-lattice planes (3) and, in the case of bundle formation, limits the intensity distribution within these planes so that they become discs in reciprocal space (4) .
In certain nematic mesophases that undergo transitions to a smectic-C type mesophase, the meridional discs in reciprocal space take on the shape of rings that appear as pairs of separated maxima in a normal-beam photograph just above the transition temperature (5, 6). Chistyakov and Chaikowsky reported (5) that the "reflection corresponds to discs in reciprocal space with less thickness approaching the center of the disc (reflection has form of dumbbell). With an increase in temperature, this disc changes first into a disc with uniform thickness; with transition of the sample to the isotropic state, it changes into a crescent." De Vries, who also recorded pairs of intense maxima symmetrically displaced about the meridian (6), proposed that they were the result of Bragg scattering from tilted planar groupings of parallel vertical molecules "in a smectic C-like arrangement" and suggested the name "skewed cybotactic groups" to describe them. Although his analysis ignores the disc-like intensity distribution present throughout the nematic temperature range, his model's similarity to the molecular array in the low-temperature smectic mesophase has gained it some acceptance (7), including citation in two books (8, 9) .
After a brief examination of the pertinent x-ray scattering theory, the present communication describes an alternative molecular array that takes full account of the observed intensity distributions. This model bears a closer relationship to the molecular arrays present in other nematic mesophases and is similar to the molecular arrays believed to exist in cholesteric mesophases.
X-RAY SCAITERING THEORY One-directional ordering A simple but adequate model for molecular arrays in nematic liquid crystals consists of cylindrically symmetric (rod-like) molecules that tend to be parallel to a common direction. Suppose that, for reasons of packing efficiency, these rod-like molecules tend to align above each other to form nearly periodic chains of periodic c. The parallel chains are spaced an average distance r apart but are not otherwise correlated; i.e., the "origin" of one chain is not collinear with like points along the other chains. In an idealized array, the vector joining a molecule placed at the origin to the nth molecule in the mth chain is given by Rmn = rm + nc + bmc, [11 where 3m expresses the fractional displacement along c of the "origin" in the mth chain.
As is easily shown, the intensity of x-ray scattering by such a molecular array, expressed in electron units, is given by [2] where Fn is the structure factor of the nth molecule and S and So are unit vectors, respectively, along the scattered and incident beams of wavelength X. To first order, assume that the molecules are statistically equivalent so that Fn = Fn' = F. Then it can be shown that Eq. 2 equals zero unless very nearly (S -So)-c = lX, where l is any integer including zero, in which case averaging rmm' over all orientations from 0 to 2wr and k = (4r sinO)/X for the equatorial plane (1 = 0) of reciprocal space only. Note that, when I = 0, the intensity distribution in the equatorial plane is independent of the parallel chain displacements and is determined solely by F2 and Jo(krmm') evaluated in that plane.
For nonzero values of 1, the intensity distribution is restricted to parallel planes in reciprocal space corresponding to 1 = ±1, ±2, .... As already noted, possible correlations between parallel chains that do not disturb the rotational symmetry about a reference chain cause ring-shaped maxima to arise whose radii are determined by the most probable values of rmm' in Eq. 4. Two-directional ordering A special case arises if the molecular chains assume planar arrays; i.e., if there is a tendency to order along a second direction r not collinear with c. A possible array of such sheets of parallel chains is depicted in Fig. 1A and the resulting two-dimensional lattice within one sheet in Fig. 1B . The average spacing between parallel sheets is d, but no correlation between sheets is assumed so as to preserve the fluidity of the molecular array. The intermolecular vector then can be written Rmim2m3 = mir + m2c + m3d + Em3r + ?lm3c, [5] where CM3 and 17m3 are fractional displacements of parallel sheets along r and c, respectively, and the intensity, in electron units, becomes
+ Xl(77m3? -m')] [6] provided that, very nearly, (S -So)-r = hX and (S -So)-c = Ix.
Eq. 6 has the familiar form of the intensity distribution for a random-layer structure (see, for example, ref. 10). It consists of a set of discrete maxima along a direction normal to the layers and parallel reciprocal-lattice rods passing through a twodimensional net like the one shown in Fig. 1C for integer values of h and 1. As discussed next, it is proposed that a molecular array like the one shown in Fig. 1A may give rise to the x-ray photographs recorded for cybotactic nematic mesophases.
PROPOSED MODEL
The actual intensity distributions observed by Chistyakov and Chaikowsky for p-azoxybenzene (5) and by De Vries for bis-(4'-n-octyloxybenzal)-2-chloro-1,4-phenylenediamine (6) are reproduced from their schematic drawings in Fig. 2 . Attention is drawn to the four distinct maxima near the center (origin) of the drawings which appear in the x-ray photograph as the temperature of the nematic mesophase is lowered to that of the smectic-C phase. If these points correspond to those of a re- ciprocal-lattice net (Fig. 1C) through which pass rods of intensity extending at right angles to the drawing, then rotation of a pair of such rods about the chain direction will produce an intensity distribution like the one depicted schematically in Fig.  3 . Since the rods cannot approach the meridian (vertical) any closer than the distance t to the corresponding reciprocal-lattice point, the intensity is a maximum at that radius and declines progressively for larger values of t. Because the magnitude of the molecular structure factor declines with increasing t (a: sinO) and the absence of strict regularity in the molecular orientations along the chains and within the sheets, it is reasonable that only the innermost reciprocal-lattice rods would give rise to pronounced intensities. This is the probable reason why only one set of intensity maxima has been observed (Fig. 2) .
In view of the foregoing discussion, the following model is proposed for the molecular arrays in cybotactic nematic mesophases: As the liquid crystal placed in a magnetic field is cooled below the liquidus temperature, the rod-like molecules tend to align themselves along a common direction to form nearly periodic chains which give rise to the observed intensity concentration along discs in reciprocal space. Upon further cooling, the chains group themselves into parallel sheets (like Fig. 1A ) which are separated from other like groups by individual chains so that the discs give way gradually to pronounced rings of intensity. (Since the magnetic field imposes a molecular alignment along one direction only, the molecular array retains a cylindrical symmetry about that direction.) Tilts of individual molecules from perfect alignment give rise to the arcing of equatorial intensities whose magnitudes are controlled by Eq. 4 with 1 = 0.
DISCUSSION
The proposed model explains satisfactorily the observed intensity variations in cybotactic nematic mesophases. It also is supported by the more precise intensity measurements of McMillan (11), who used crystal monochromatized Cu Ka radiation and a scintillation counter to record the intensities scattered by p-n heptyloxyazobenzene in the temperature range 96°-121°C. As his data, reproduced in Fig. 4 (1980) graphic evidence (Fig. 2) nor the diffractometric intensity contours of McMillian (11) show any indication of such radial extensions. Thus it is highly unlikely that the proposed skewed cybotactic layers actually form.
The molecular alignment within a single sheet in Fig. 1 is similar to that believed to exist in cholesteric liquid crystals except that the layers are progressively rotated relative to each other in such mesophases. Two-directional alignments within parallel sheets, therefore, are not uncommon for the rod-like molecules that tend to form liquid crystals. Further x-ray studies will be required, however, to establish possible relations between their structural arrays.
Note Added in Proof. In a discussion of the elastic properties of thermotropic liquid crystals, Saupe (13) considers the constituent molecules as possessing rotational symmetry and concludes that "thin nematic layers with the molecules parallel to the layer plane" should be formed quite readily in nematic mesophases. In his discussion of molecular alignments in smectic-C mesophases, he notes that "the tilted smectic liquid has some interesting similarities with a nematic liquid which are not recognizable at first sight." Following his analysis of the appropriate energy expressions, Saupe states: "The possible textures in a thin plane layer of such a smectic liquid with the molecular layers parallel to the surface are determined by the derived energy expression. We will expect to find similar Schlieren textures as in planar nematic liquids." The fact that the energy calculations of Saupe predict the formation of molecular layers like those deduced above from the x-ray data on cybotactic nematic mesophases suggests that, locally, there occurs an increase in the azimuthal rotational correlation among neighboring chains.
